i . U.S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE ’
NATIONAL METEOROLOGICAL CENTER

OFFICE NOTE 377
Skill of Medium Range Forecasts

. Francis D. Hughes
Prediction Branch, Climate Analysis Center

February 1991

This is an unreviewed manuscript, primarily intended for informal
exchange of information among NMC staff members.




‘PURPOSE

This paper depicts in a graphical manner the skill of thé
Medium Range (3-10 day) man and machine (numerical model guidance)
forecasts. It will be updafed each February in order to present
fhe latest scores for each of the several forecast categofies in
the medium range forecast program (MRFP). Only scores withkat”
least a 5-year period of record are presented. This paper contains
thé standardiéed and unstandardized mean sea level pressure and
500mb correlation; the Gilman precipitation skill; the
minimum/maximum aVerage absolute temperature error; and the 5-day
mean normalized 500mb correlation, temperature, and precipitation

skill scores.



Figure 1 depicts the North American (NOAM, 130 grid points)
and United States (US, 88 grid points) mean sea level pressure
(MSLP) and 500mb correlation score verification areas.

Figure 2 is a plot of the calendar year 1990 seasonal and 10
year (1980-1989) average seasonal (darker 1lines) standarized
correlation scores for the man (official) NOAM area MSLP progs
verifying on days 3, 4, and 5 after forecast day. (See appendix A
for an explanation of this score). '

Figure 3 is similar to Figure 2 except scores are for the.
NMC/NWP model progs. o , :

Figure 4 is a plot of the 23/21 year . (1968/70-1990)
standardized correlation scores for the man (official) and NMC/NWP
model NOAM area MSLP progs verifying on days 3, 4, and 5 after
forecast day. ,

Figure 5 is a plot of the 13 year (1978-1990) average seasonal
unstandardized correlation scores for the man (official), NMC/NWP
model (darker lines), and climatology US area MSLP progs verifying
on days 3, 4, and 5 after forecast day.

Figure 6 is similar to Figure 3 except the level is 500mb.
'Figure 7 is similar to'Figﬁre 4 except the level is 500mb.

Figure 8 is a plot of the calendar year 1990 monthly
standardized correlation scores for the man (official), MRF model,
and ECMWF model NOAM area 500 mb mean progs verifying on days 6-10
after forecast day.

Figure 9 is similar to Figure 8 except scores are for a 7 year
average (1984-1990).

Figure 10 .is a plot of the 11 year (1980-1990) standardized
correlation scores for the man (official), NMC/NWP model, and ECMWF
model (82-90) NOAM area 500mb progs verifying on days 6-10 after
forecast day. .

Figure 11 depicts the 41/61 stations in the US where the 1-
5/6-10 day temperature forecasts are verified.

Figure 12 is a plot of the calendar year 1990 bi-monthly and
10 year (1980-1989) - average bi-monthly (darker 1lines) US area
" temperature forecasts verifying on days 3, 4, and 5 after forecast
day. '

Figure 13 is similar to Figure 12 except scores are for the
maximum. :

Figure 14 is a plot of the 20 year (1971-1990) absolute error
minimum temperature scores for the man (official) and climatology
'US area temperature forecasts verifying on days 3, 4, and 5 after



and 5 after fofecast day.

Figure 15 is similar to Figure 14 except scores are for the
maxXimum. , v : : ' ' : '

Figure 16 is a plot of the 20 year (1971-1990) absolute error
(minimum + maximum)/2 temperature scores for the man (official),
perfect prog, and “eclimatology US area temperature forecasts
verifying on days (3+4+5)/3 after forecast day. o

Figure 17 is a plot of the 13 year (1978-1990) 3-class and 5-
class temperature skill  scores for the man (official) and
persistence US area categorical temperature forecasts verifying on
days 6-10 after forecast day. ‘(See appendix B for an explanation:
of this score). T o : ‘

Figure 18 depicts the 100 stations in the US where the
precipitation forecasts are verified. -

- Figure 19 is an example of a day 3, 4, or 5 precipitation
forecast. The dashed 1lines  are the 24-hour departure from
probability of precipitation (DN POP) forecast for January 3. The
solid lines are the 24-hour climatological (normal) probability of
precipitation (NPOP) for the first 15 days of January. A total of
(DN POP + NPOP) > 30 is considered '"yes" forecast of precipiation
- (> 0.01 inch). All stations with an (NPOP) > 30 are considered as
a "yes" climatological forecast of precipitation. ,

Figure 20 is a plot of the calendar year 1990 seasonal and 10
year = (1980-1989) average seasonal (darker lines) - Gilman
precipitation skill " scores for the man (official) US area
precipitation forecasts verifying on days 3, 4, and 5 after
forecast day. (See appendix C for an explanation of this score).

- Figure 21 is a plot of the 21 year (1970-1990) Gilman
precipitation skill scores for the man (official) and climatology
US area precipitation forecasts verifying on days 3, 4, .and 5 after:
forecast day. f . : . :

, Figure 22 is a plot of the 13 year (1978-1990) 3-class
precipitation skill scores for the man (official), NMC/NWP model,
and climatology US area categorical precipitation forecasts
verifying on days 1-5 after forecast day. (See appendix D for an
explanation of this score). . ' C o

: Figﬁfe 23 is-similar to Figure 22 except the forecasts are for
days 6-10 after forecast day. EET




SECTION 1

Man and Machine (NMC/NWP Model Guidance)

Mean Sea Level Pressure and 500mb Cofre]ation Scores
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SECTION 2
Man'and,Machiné’(Klein-Lewis Perfect Prog Guidanég) Average

Absolute Error,Tempefature Scores



11 2an814

MRFG Temperature Verification
Stations 1 through 41 for days
3, 4, and 5 and 1 through 61
for 1 to 5 and 6 to 10 day mean

forecasts.
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SECTION 3

Man and Machine (NMC/NWP Model Guidance)

Precipitation Skill Scores
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_Appendix A

The standardlzed mean sea level pressure correlation score is used to
_determlne the Sklll of the man and machlne days 3, 4 and . 5 mean sea level pressure
forecasts., The correlatlon score is employed because the phasing 1nstead of the
lnten31ty of systems prlmarlly determlnes how well the varlous weather parameters
can be forecast : The standardlzlng prt-edure prevents the contrlbution of the
'h1gh variability (higher latltude) grid p01nts from overwhelming the low variablllty
’grid points (1over latitude). | -

£ ='forecast mean seahlevel pressure at a grid point
o =»ohserved’mean sea level pressure at a grid point
¢c—~= standard deviation at a grid point

A = normal mean sea level pressure at a grid point

F=_f-0 : _ 0 =9mn
o SR : e
F = average ‘standardized forecast across n grid points ~ .
0 = average standardized observed across n grid points.

RMS F = T2 _RMSO=\'-0-1‘ T s
RMS Error =\fT§:572 ‘ v SR _ ,‘

. - Average Absolute Error = T3_p

[

3l

)
]
| ,
-:1
g
~~
R
e
olfl -
| - .

jjj =

Correlation = X100

"

0

Since- the normal mean sea level pressure is subtracted from the forecast/
observed pressure at each grid point, ‘it is assumed that the correlation of the

normal to the observed is always zero, Therefore, any positive score is considered
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APPENDIX A (cont'd)
to have skill over the normal. v Sbme doubts have been raised about this assumption{
however, and for the past 5 years the unstandardized correlation score also has
been calculated, This pfocedure allows a correlation score to be computed for the
‘nOrmal- This score then is simply the coirelation éf the forecast to the obsgrved

mean sea-level pressure.
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~ 'APPENDIX B

. The 5‘day‘ﬁean temperature skill scpre‘is a’generalization‘pf_the -
Heidke skill Spore‘uhererthe expected va1uee are derived from the observed .
temperature
tota1 correct (hits)

total number of forecasts (61)
_expected number of hits

Heidke Skill = C-E €

'N-E N
' E:

~ The expected value is ca]cu]ated as follows from the number of
stations in each of the observed temperature categor1es.
E = 1/8 X Much Be]ow +- 1/8 x Much Above +
,1/4,x Be]ow o 1/4 pd Above + 1/4 X Norma1

The 5-day mean 3—c1ass temperature sk111 score simply "Tumps" together
the much below u1th the be1ow and the much above with the above. The expected

(E) then is equal to 1/4 X Below + 1/4 X Normal + 1/4 Above.
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Appendix C

The Gilman: skill score is a generalization of the Heidke skill score where the

expected values are derived from a randomized version of the precipitation forecast.

C-E

Heldke Skill = ol C

total correct (hits)

N

total nunibé;: of forecasts (100)

E = expected number of hits |
Howéver,for a randomized forecast allowance must be made for 'statiox}s »having- fat'_v
diff.:ei:ent précipitation climate (N POP) across the United States. Therefore to
compute and score an expected chance forecast climatology must be considered.

The procedure for this is as follows:

First, the actual number of forecasts of precipitation. are distributed
randomly taking into account station climatology.  The expected number of
chance hits is then given by:‘

E

g(Pi ry + (1 - pj (L -1ry)) or

E

2%) piy £y + N —gpi Qgri (a)

where ry = 1 for precipitation .01 inch) and O for no precipitaiton (£.01 inch).
Now an expression for Pi- which is the probability that after_ the forecast
precipitation events are redistribhted fandomiy a forecast piecipitation event
will fall at point "i" is given approxixhately by pf.fFéf,t (b). Here F = total
number of forec_asted precipitation events and ay = climatic procipitation

probability (N POP), This approximate value for.pi is most valid for small

values of F and (a; /gaj ) and is unstable at times, Because of this instability :

the less sophisticated but more stable Hughes skill score was developed,

Substitutmg the expression (b) into (a) gives £ =2FZairi 4 y -F-R, where '
al

E = the approximate expected value of a randomized forecast, R = total precipi-
tation cases, and N = total number of stations. If the climatic probabilities

are uniform (aj =a/‘ =a), ‘then the approximate value of E reduces to the standard

g = (N-F) (N-R)+FR
N :

Heidke value given by:
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APPENDIX D *

The 5-Day mean precipitati.on.skili'score 1s a generalization of the
Heidke skill score where the. exp‘eci:ed values are derived from the observed
» preeipitatioﬁ: |
total correct ‘(hits)

total number of forecasts (100)
expected number ‘of hits

’ Heidke Skill = C-E c
' | NE . N
E

toun

For example, in Januai:y the nﬁmber of, stations in the area cevered by
the (NP/P), (NP/M/H) and- (L/M/H) categorles is 21, 28 ahd 51 respectively.
‘The average value of the probablllty of NP for the statlons in the (NP/P)
area is 70.% and 407 in the (NP/M/H) area. Now if (NP/L) is eoded as 1, M. as
2 and (P/H) as 3, then the number ’of stations‘expected to have coded value k

1 thru 3 is as follows:

33% of (L/M/H) 51 x .33 = 17 stations‘coded 1, 2, 3
40% of (NP/M/H) = 28 x .40 = 11 stations coded as 1 and 8.5 coded as 2,3 ‘

70% of (NB/P) = 21 x .70 = 14. 7 stations coded as 1 and 6. 3 coded as 3

Thus, code 1 = 17 + 11 +]4. 7 = 42, 7 stations
code 2 = 17 + 8.5 - = 25 5 stations
code 3 =17 + 8.5 +6.3 = 31 8 stations

_ 100..0 stations
Therefore, the expected value = ,427a + .255b + .318¢c

where a, b and ¢ are the number of coded vaiues 1, 2 and 3 observed.
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